Abstract: This research study examines the behavior of currency rate, long memory features, and longterm stability in the returns of thirteen Asia-Pacific currencies (AUD, CNY, HKD, INR, IDR, JPY, KRW, MYR, NZD, PHP, SGD, TWD, and THB) against USD over a period of fourteen years (from 2nd January 2001 to 10th December 2014). The study uses descriptive statistics, ADF and PP test, Hurst exponent cointegration model, and figures to investigate the normality, stationarity, long memory features, and longterm relationship stability of sample currencies against USD. This study determined the values of the Hurst Exponent for the first window with 1,000 observations and the second window with 2,500 observations. This study provides significant evidence for the presence of long memory features and relationship stability. The findings of this study would help investors, exchange rate trade policy makers, exporters, and importers to make decisions on the investment, export, and import of goods and services.
Introduction
A widely accepted definition of market efficiency was originally developed by Fama (1970) . In an efficient market, prices do fully reflect all available information relevant for the pricing process (Fama, 1970) , and none of the market players can earn excess profits by exploiting the known information set (Jensen, 1978) . In short, market efficiency is referred to as an informational efficient market (Fama, 1970) . The efficient market hypothesis, therefore, implies that future changes in exchange rates should be unpredictable. Since the return of exchange is not predictable in an efficient currency market, it is impossible for exchange rate traders to earn excess returns by using speculation. Conversely, if the exchange market is inefficient, the exchange rate traders can attempt to profit from their transactions through speculating and predicting the future exchange rate (Cicek, 2014) . In addition, in the inefficient currency market, the economic policy makers can have an influence on the exchange rates, such as the volatility of the exchange rates. Fama (1970) subdivides market efficiency into three categories, in terms of the information that security prices should reflect, namely, "weak", "semi-strong", and "strong" forms. In the weak-form efficiency, the information set only comprises past prices, and prices fully and instantly reflect all available (historical) information. Consequently, the market is said to be weak-form efficient if past prices are useless in predicting future prices, and technical analysis is of no use. In the semi-strong form, the information set additionally comprises all publicly available information relevant to the pricing process. In addition to the weak-form, the semi-strong form includes information on the fundamentals determining the price -i.e. fundamental analysis -that is useless (Cicek, 2014) . The market is semi-strong efficient if all publicly available information has no predictive power. Finally, the market is strong-form efficient if all information is reflected on prices, including the insider information. Thus, the market is said to be efficient if trading on the basis of insider information cannot yield higher profits, and making even insider information useless. The issue of foreign exchange market efficiency has been tested by several recent studies, employing the cointegration analysis. Analysis of the foreign exchange market efficiency has adopted a new approach. According to Granger (1986) , the spot foreign exchange market may be said to be (informational) efficient if the set of spot rates (or any asset prices) were shown to be not cointegrated. Thus, to test the efficiency of markets, it is needed to show that cointegration does not exist. In other words, if they were cointegrated, there would be market inefficiency since there would be Granger causality, running at least in one direction, and thus one price could be used to forecast the other. The existence of cointegration and an error correction mechanism have been interpreted as evidence of inefficiency in the markets (Copeland, 1991) . The short-run deviations from long-run relationship result in an automatic adjustment process that causes the variables to return to their long-run equilibrium relationship. The error correction term contains information regarding the future movements of one variable based on past prices, and thus the deviations from this long-run relationship can be used in the prediction of future exchange rates (Hakkio & Rush, 1989) . The presence of long memory is an important topic in both theoretical and empirical research because its presence is closely connected with the predictability in the first and/or second moments of the price distribution (Wang & Wu, 2012) . Despite extensive research on long memory in international equity markets, the issue remains unresolved, and recent empirical studies have been re-examined for the presence or absence of long memory in returns and volatility (Kiliç, 2004; Vougas, 2004) .
Review of literature
An attempt has been made to review the earlier studies undertaken in the area of efficiency of the foreign exchange market, and Table 1 presents the review of existing studies. The downward trend on Hurst exponent was found to be average in emerging markets. Brazil was the only country which recorded an upward trend, particularly in capital flows. Developed countries were more efficient than emerging countries.
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Research objectives and methodology

Objectives of the study
The main objective of the study was to examine the price behavior of currency rate, long memory features, and long-term relationship stability of sample currencies in Asia-Pacific countries against USD.
Hypotheses of the study
The following null hypotheses were framed and tested in this study -NH01: There is no normality in exchange rate of sample Asia-Pacific currencies against USD during the study period. -NH02: There is no stationary in exchange rate of sample Asia-Pacific currencies against USD during the study period. -NH03: There is no long memory features in the sample Asia-Pacific currencies against USD during the study period, and -NH04: There is no long-term relationship stability in the sample Asia-Pacific currencies against USD during the study period
Data sources and estimation techniques
This study mainly examined the efficiency of Asia-Pacific foreign exchange market, in respect of normality, stationarity, and cointegration stability over time. This study adopted the research design in line with the design used by Kang (2014) and Cajuerio (2004) . Daily closing spot of normal exchange rates, collected from the websites like www.oanda.com and www.exchangerates.com, were used for this study. The normal exchange rate refers to the number of units of domestic currency that can purchase a unit of a given foreign currency. A decrease in this variable is termed nominal appreciation of the currency. Singapore Dollar (SGD), Taiwan Dollar (TWD) and Thailand Bhatt (THB). The values of all sample currencies (data series) are expressed vis-a-vis the US Dollar and in natural logarithms. The currency of USD was used for the rest of the world because it is the most widely used reserve currency. The sample period covered 14 years, from 2nd January 2001 to 10th December 2014. Further, to identify the long memory features (Hurst exponent approach), the exchange rates of sample currencies were divided into two parts: First window period and Second window period. The first 1,000 observations, for the period from 02/01/2001 to 20/12/2004, were included in the First window period, using the rolling approach. Further, the finishing Hurst exponent, for sub-sample windows of next 2,500 observations, was included in the Second window period. In total, this study used 3,500 observations, both in First window period and Second window period, for calculating Hurst exponent values. For the purpose of testing the normality, stationarity, long memory features, and longterm relationship stability of sample currencies against USD, the following tools were used.
-Descriptive statistics (to assess the normality of the sample currencies against USD), -Unit root test (to test the stationarity of the sample currencies against USD), -Hurst exponent approach (to analyze the long memory of sample currencies against USD), and -Johansen co-integration (to examine the long-term relationship stability of sample currencies against USD).
Limitations of the study
This study used only secondary data (i.e., the daily closing values of sample currencies). This study covered only 13 currencies from Asia-Pacific foreign exchange markets against USD. The limitations associated with statistical tools like descriptive statistics, unit root test, and cointegration were also applicable to this study.
Results of long memory features and relationship stability
The aim of this study was to examine the long memory and relationship stability among sample currencies against USD. For this study, the analysis was made as follows: a. Descriptive statistics for sample currencies of Asia-Pacific foreign exchange market b. Unit root test for the sample currencies of Asia-Pacific foreign exchange market c. Time varying effect by using Hurst exponent approach for the sample currencies of Asia-Pacific foreign exchange market d. Johansen cointegration test for the sample currencies of Asia-Pacific foreign exchange market e. Dynamics of the exchange rate returns of sample currencies Descriptive statistics for sample currencies of Asian-Pacific foreign exchange market Table 2 shows the results of descriptive statistics for the sample currencies of Asia-Pacific exchange markets during the study period from 02/01/2001 to 10/12/2015. The descriptive statistics includes mean, median, maximum, minimum, standard deviation, skewness, kurtosis, Jarque-Bera test, and probability. It is clear from the Table 2 that out of the thirteen sample currencies only one sample currency, namely the Indian Rupee (INR), provided a high mean value of 0.00009 during the study period. It is worthy of note that a positive sign indicates that the currency earned high return; the negative sign indicates that the currency earned low return. The analysis shows that, out of thirteen currencies selected for this study, only two sample currencies, viz Philippines Peso (PHP) and Indonesian Rupiah (IDR), recorded the lowest daily mean returns. In terms of predictability (risk), as measured by the standard deviation of daily currency returns, Philippines Peso earned the highest risk than other sample currencies during the study period. The analysis of skewness vividly shows that the values of skewness for seven sample countries were positive and six sample countries were negative. According to the results as displayed in Table 2 , the sample currencies of Asia-Pacific foreign exchange markets gained a value of kurtosis, which was lower than three or low level, flat top near the mean rather than sharp peak. The analyses of Jarque-Bera values indicate that the returns of all the sample currencies were normally distributed. In short, the distribution of return for all the sample currencies was normal. Similarly, the analysis of the values of skewness, kurtosis, and Jarque-Bera test clearly reveal that the return series for all sample currencies were normally distributed. This implies that the exchange rate returns followed a true random walk process. Hence, the null hypothesis (NH01), namely "There is no normality in exchange rate of sample Asia-Pacific foreign exchange market against USD during the study period", is rejected. Among the 13 sample currencies considered for this study, only one currency, viz INR, recorded a high mean value at 0.00009 against USD. In light of the analysis, it is suggested that the goods traders may export goods and services to India, which may provide higher profit than exporting goods and services to other countries. Besides, the currencies traders may take note of current economic scenarios in different countries and change their trading strategies to earn better returns. all sample currencies of the Asia-Pacific Foreign Exchange Markets were analyzed at three significant levels of 1%, 5% and 10%. According to the results of Table 3 , which include the results of the unit root test, the probability value of sample currencies was at zero during the study period. From Table 3 , ADF test and PP test were found whether data had stationarity or not. The statistical values of both ADF test and PP test for sample currencies (AUD, CNY, HKD, INR, IDR, JPY, KRW. MYR, NZD, PHP, SGD, TWD, and THB) were less than critical values. Also, it is worthy that the values for all the sample currencies were less than that of test critical values at 1%, 5%, and 10% levels of significance. This reveals the fact that the returns of data, for all sample currencies, attained stationarity during the study period. Based on the analysis of unit root test, it is also further confirmed that the returns from exchange rate for sample currencies attained stationarity during the period of study. Hence, the Null Hypothesis (NH02), namely "There is no stationarity in exchange rate of sample Asia-Pacific foreign exchange market against USD during the study period", is rejected. The results would help the stakeholders, including the currency traders, to understand and forecast the exchange rate for investing their hard-earned money intelligently and for trading their goods and services by exporting / importing to/from different countries.
Time varying effect by using Hurst Exponent Approach for the sample currencies of Asia-Pacific foreign exchange market Hurst (1951) developed the re-scaled range statistic (R / S statistic), observing many natural time series that followed a biased random walk or a special pattern that could be measured by using an exponent, now referred to as the Hurst Exponent. The R / S statistic is built on a range of partial sums of deviations of a time series from its mean, rescaled by its standard deviation. By performing the least-squares regression, with log (R / S) n as the dependent variable and log (n) as the independent one, the slope of the regression was found. This is an estimate of the Hurst Exponent (H). The R / S statistic can classify a time series into a random or non-random process, according to the estimated value of the Hurst Exponent. For instance, if the value of H for a time series is 0.5, it indicates that the time series follows a random walk process, that is, an independent process. For a time, series with a long memory process, H lies between 0.5 and 1, and this property of a time series provides the predictability of a time series because it shows a trend. If H lies between 0 and 0.5, it indicates that the time series possesses an anti-persistent process or negative autocorrelation (Jin & Frechette, 2004) . Furthermore, using the time-varying rolling approach proposed by Cajueiro & Tabak (2004) and Cajueiro & Tabak (2005) , the values of the Hurst Exponent were estimated. As pointed out earlier, this study estimated the initial Hurst Exponent, for the sub-sample windows of the first 1,000 observations in first window period, using the rolling approach to find the long memory features of Asia Panel -B) . In total, this study used 3,500 observations, both in First window period and Second window period, for calculating Hurst Exponent values. Table 4 shows the results of descriptive statistics of estimated Hurst Exponents, for returns of the first 1000 observations as panel -A (first window period) and the next 2,500 observations as panel -B (Second window period) of thirteen exchanges. In the First window period of Table 4 , it is observed that the mean values of all sample currencies -except CNY, HKD, MYR, and PHP -were negative. In the It is suggested from the overall analysis of the study, during the first window period, that the goods traders may export goods and services to Philippines, as it is more profitable than exporting the goods and services to other countries. The analysis of the last 2,500 observations, from 21/12/2004 to 10/12/2014 (second window period), shows that INR recorded high mean value (0.00016) against USD out of 13 currencies taken for this study. Hence, the currency traders may trade with India, which would also give higher returns than other countries.
The Johansen cointegration test for the sample currencies of Asia-Pacific foreign exchange market
The results of the Johansen Cointegration Test for daily exchange rate returns of sample currencies during the period from 02/01/2001 to 10/12/2014 are given in Table 5 . According to the Johansen Cointegration Test, the values of Trace Statistic were higher than the critical values. This indicates that there was long memory in the samples during the study period. The analysis of the Table shows that the values of Trace Statistic CEs were higher than critical values for all CEs at 5% level of significance. This shows that there was cointegration of sample currencies rates during the study period. The results of Johansen Cointegration Test indicate that thirteen currencies considered for this study were integrated, i.e., long-term stable relationship. Hence the Null Hypothesis (NH04), namely "There is no long-term relationship stability in the sample Asia-Pacific foreign exchange market currencies against USD during the study period", is rejected. From the overall analysis, it is inferred that there was long memory in respect to sample currencies rates during the short period. This result suggests that the currency traders could confidently invest their hard-earned money to earn better return in the AsiaPacific foreign exchange market.
Dynamics of the exchange rate returns of sample currencies Figure 1 shows the dynamics of exchange rates of 13 sample currencies during the study period. The movement of each currency is given in a separate graph (from Graph 1A to Graph 1M). The value of each currency was estimated by using windows of 3,500 observations. The graphs for six sample currencies -namely AUD (Australia), JPY (Japan), MYR (Malaysia), NZD (New Zealand), SGD (Singapore), and TWD (Taiwan) -indicate that there was high volatility, but in the case of HKD (Hongkong), there was no volatility. It is interesting to note that sample currencies like CNY (China), IDR (Indonesia), INR (India), PHP (Philippines) and THB (Thailand) recorded low volatility during the study period. 
Conclusion
An attempt was made to study long memory features using the returns of exchange rate of sample currencies in Asia-Pacific foreign exchange market during the study period. The descriptive statistics, unit root test and cointegration were applied to find out long-term memory and relationship stability. The study found that the sample currencies were normally distributed during the study period. This research used ADF and PP Test to judge the logarithmic prices of sample currencies (exchange rate) against USD. This study also applied cointegration to find cointegration relationship and long-term stability relationship among sample currencies against USD. The study found that over time there were long memory features in the returns of sample currencies. This study considered the time -varying effect by using Hurst exponent approach to estimate results for cointegration. The results clearly indicated that there were long memory features for Graph 1-M Thailand Bhatt against USD sample currencies against USD during the study period. Additionally, the dynamics of exchange rate returns showed an upward trend during the 2008 global financial crisis. The findings of this study differed from the findings of Cajueiro & Tabak (2004) , who found in their study that equity markets were becoming efficient over time. At the same time, the results of the study confirmed the findings of Walid Mensi et al. (2014) , who concluded that the sample exchange rate recorded long memory, but with little evidence. Copeland (1991) argued that exchange rates could not be cointegrated in an efficient market if the currencies were different assets. Furthermore, Baffes (1994) found that the market efficiency required a cointegration vector that would be consistent with the "noarbitrage condition". Therefore, this research study proved that the result of Hurst Exponent Approach could identify long memory features, among sample currencies against USD. This research study might benefit investors, policy makers, currency traders, exporters, and importers, when making decisions on their investment by effectively avoiding risk/loss by devising appropriate trading strategies.
Scope for further research
This study mainly focused on the long memory of Asia-Pacific Foreign Exchange Market. The long memory of the Asia-Pacific Foreign Exchange Market was examined for 13 currencies only. In future, a similar study may be carried out by considering some other currencies, in Asia-Pacific Foreign Exchange Market. Further research may focus on the identification of reasons for high, low, and no volatility of sample currencies.
